A novel endonucleolytic mechanism to generate the CCA 3' termini of tRNA molecules in Thermotoga maritima.
The tRNA 3'-terminal CCA sequence is essential for aminoacylation of the tRNAs and for translation on the ribosome. The tRNAs are transcribed as larger precursor molecules containing 5' and 3' extra sequences. In the tRNAs that do not have the encoded CCA, the 3' extra sequence after the discriminator nucleotide is usually cleaved off by the tRNA 3' processing endoribonuclease (3' tRNase, or RNase Z), and the 3'-terminal CCA residues are added thereto. Here we analyzed Thermotoga maritima 3' tRNase for enzymatic properties using various pre-tRNAs from T. maritima, in which all 46 tRNA genes encode CCA with only one exception. We found that the enzyme has the unprecedented activity that cleaves CCA-containing pre-tRNAs precisely after the CCA sequence, not after the discriminator. The assays for pre-tRNA variants suggest that the CA residues at nucleotides 75 and 76 are required for the enzyme to cleave pre-tRNAs after A at nucleotide 76 and that the cleavage occurs after nucleotide 75 if the sequence is not CA. Intriguingly, the pre-tRNA(Met) that is the only T. maritima pre-tRNA without the encoded CCA was cleaved after the discriminator. The kinetics data imply the existence of a CCA binding domain in T. maritima 3' tRNase. We also identified two amino acid residues critical for the cleavage site selection and several residues essential for the catalysis. Analysis of cleavage sites by 3' tRNases from another eubacteria Escherichia coli and two archaea Thermoplasma acidophilum and Pyrobaculum aerophilum corroborates the importance of the two amino acid residues for the cleavage site selection.